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Amendments to the Claims : 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims : 

1 . (Currently amended) A circuit to control the capacitance of a variable 
capacitor in a strictly linear mode through a steady tuning voltage and to achieve a 
high Q-factor at the same time; comprising: 
a set of individual small capacitors; 
a set of capacitor switching stages, comprising ; 

a set-ef-switching devices, allowing a steady ramp-up/ramp-down 
phase between the points of being fully switched on and fully switched off, 
and where said switching devices afe-is_connected in series with one of said 
capacitors of said s e t of c a pac i tors , to connect a multiple ofsaid capacitors 
in parallel; 

a s e t of circuits to control the switching operation in a ramp-up/ramp- 
down manner between the points of being fully switched on and fully 
switched off, provided to e ach of said set-o^switching devices; 

a set of translinear amplifiers stag e s t o produce the ramp-up/ramp- 
down signal for each of said set of switching devices^ aa dwhere said 
translinear amplifier is implemented within said s e t of circuits to control the 
switching operation; 

a circuit to individually provide the threshold points for each i ndiv i dua l of 
said capacitor switching stages; and 
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a circuit to provide a signal, dependent on the tuning voltage, dedicated for 
the voltage controlled capacitance change, to the inputs of all of said trans li n e ar 
ampl i fi e r capacitor switching stages. 

2. (Previously amended) The circuit of claim 1 wherein said switching device 
with steady transition phase, is a FET transistor. 

3. (Previously amended) The circuit of claim 2 wherein said switching device 
with steady transition phase, is a P-MOS or N-MOS junction FET. 

4. (Previously amended) The circuit of claim 2 wherein said switching device 
with steady transition phase, is a CMOS FET. 

5. (Previously amended) The circuit of claim 1 wherein said circuit to 
individually provide said threshold points for each individual capacitor switching 
stage generates a set of reference values, one value for each capacitor switching 
stage. 

6. (Currently amended) The circuit of claim 5 wherein said circuit to generate a 
set of reference values, one for each of said trans li n e ar amp li f ie r capacitor 
switching stages, is implemented as a chain of resistors. 
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7. (Original) The circuit of claim 1 wherein said translinear amplifier has a gain 
of 1 , the typical gain of translinear amplifiers. 



8. (Original) The circuit of claim 1 wherein said translinear amplifier has a gain 
differing from 1 , which gives one more degree of freedom to optimize operating 
parameters, like overlapping of capacitor switching operation. 

9. (Currently amended) The circuit of claim 1 wherein said circuit to provide a 
signal, dependent on the tuning voltage, dedicated for the voltage controlled 
capacitance change, is a single signal connected to all amplifi e r i nputs of said 
capacitor switching stages . 

10. (Previously amended) The circuit of claim 1 wherein the circuit to provide the 
output reference level for the translinear amplifier, is a single signal connected to 
all translinear amplifier reference outputs. 

11. (Original) The circuit of claim 1 wherein said capacitors are discrete capacitor 
components. 

12. (Previously amended) The circuit of claim 1 wherein said capacitors are 
manufactured on a planar carrier, separate from the circuit carrier. 
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13. (Original) The circuit of claim 1 wherein said capacitors are integrated on a 
semiconductor substrate, but on a separate substrate than said switching devices 
and amplifiers. 

14. (Original) The circuit of claim 1 wherein said capacitors are integrated on a 
semiconductor substrate and on the same substrate as said switching devices and 
amplifiers. 

15. (Original) The circuit of claim 1 wherein said capacitors are manufactured as 
a Metal-Oxide structure. 

16. (Original) The circuit of claim 1 wherein said capacitors are manufactured as 
a junction capacitor. 

17. (Currently amended) A circuit to control the capacitance of a variable 
capacitor in a strictly linear mode through a steady tuning voltage and to achieve a 
high Q-factor at the same time by sharply cutting off the control signal, when said 
switching device is outside its steady transition area; comprising: 

a set of individual small capacitors; 

a set of capacitor switching stages, comprising: 

a set-ef-switching devices allowing a steady ramp-up/ramp-down 
phase between the points of being fully switched on and fully switched off, 
and where said switching devices afe-isconnected in series with one of said 
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capacitors of said s e t of c a pac i tors , to connect a multiple of said capacitors 
in parallel; 

a s e t of circuits to control the switching operation in a ramp-up/ramp- 
down manner, provided to e ach of said se^ef-switching devices, as long as 
said switching device operates in its steady transition area, i.e. within the 
points of being fully switched on and fully switched off; 

a translinear amplifiers to produce the ramp-up/ramp-down signal for 
said switching device, where said translinear amplifier is implemented within 
said circuit to control the switching operation; 

a circuit to drive said switching device to a fully on status, when said 
switching device is outside said steady transition area on the lower 
resistance side, and implemented in combination within said s e t of c i rcu i ts 
to contro l th e sw i tching op e rat i on translinear amplifier ; 

a circuit to drive said switching device to a fully off status, when said 
switching device is beyond said steady transition area on the higher 
resistance side, and implemented in combination within said s e t of c i rcu i ts 
to contro l th e sw i tch i ng op e rat i on translinear amplifier ; 
a s e t of tr a ns l in e ar amplifi e r stag e s to produc e th e r a mp up/ramp down 

signa l for e ach of said set of sw i tching d e vic e s, and imp le m e nt e d w i th i n said s e t of 

circuits to contro l th e sw i tch i ng op e rat i on; 

a circuit to individually provide the threshold points for each individual 

capacitor switching stage; and 
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a circuit to provide a signal, dependent on the tuning voltage, dedicated for 
the voltage controlled capacitance change, to all of said trans li n ea r 
amplifier capacitor switching stages. 

18. (Previously amended) The circuit of claim 17 wherein said circuit to drive 
said switching device to a fully-on status, when said switching device is outside its 
desired steady transition area on the lower resistance side is provided by 
additional circuit elements, working as a signal-limiting function. 

19. (Previously amended) The circuit of claim 17 wherein said a circuit to drive 
said switching device to a fully-off status, when said switching device is outside its 
desired steady transition area on the higher resistance side is provided by 
additional circuit elements, working as a signal-limiting function. 

20. (Previously amended) The circuit of claim 18 wherein said signal-limiting 
function to drive said switching device to a fully-on status, when said switching 
device is outside its desired steady transition area on the lower resistance side, 
are implemented within the translinear amplifier circuit. 

21. (Previously amended) The circuit of claim 19 wherein said signal-limiting 
function to drive said switching device to a fully-off status, when said switching 
device is outside its desired steady transition area on the higher resistance side, 
are implemented within the translinear amplifier circuit. 
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22. (Original) The circuit of claim 17 wherein said translinear amplifier has a gain 
of 1 , the typical gain of translinear amplifiers. 



23. (Previously amended) The circuit of claim 17 wherein said translinear 
amplifier has a gain differing from 1 , which gives one more degree of freedom to 
optimize operating parameters, like overlapping of capacitor switching operation 
and signal cut-off at the edges of the steady transition area. 

24. (Cancelled) 

25. (Cancelled) 

26. (Currently amended) A circuit to control the capacitance of a variable 
capacitor in a strictly linear mode through a steady tuning voltage and to achieve a 
high Q-factor at the same time and to compensate the temperature deviation of the 
capacitor switching device; comprising: 

a set of individual small capacitors; 

a set of capacitor switching stages, comprising: 

a set-of-switching devices allowing a steady transition phase between 
the points of being fully switched on and fully switched off, and where said 
switching devices afe-isconnected in series with one of said capacitors of 
said s e t of capacitors to connect a multiple of said capacitors in parallel; 
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a s e t of circuits to control the switching operation for e ach of said set 
of switching devices, including a steady transition phase; 

a set-ef-translinear amplifier stages to produce said control signal for 
said switching devices, and implemented within said s e t of circuits to control 
the switching operation; 

a circuit to compensate the temperature deviation of said switching 
device , and implemented within said circuit to control the switching 
operation ; 

a circuit to individually provide the threshold points for each indiv i dual of 
said capacitor switching stages; and 

a circuit to provide a signal, dependent on the tuning voltage, dedicated for 
the voltage controlled capacitance change, to all of said tr a ns li n e ar 
amp li f ie r capacitor switching stages. 

27. (Previously amended) The circuit of claim 26 wherein said circuit to 
compensate the temperature deviation of said switching device is provided by 
feeding a modified reference voltage to said translinear amplifier's output 
reference point, to mirror a temperature correcting signal into the control signal of 
said switching device. 

28. (Previously amended) The circuit of claim 27 wherein said circuit to 
compensate the temperature deviation of said switching device, uses a device of 
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the same type as said switching device itself, to produce an exact equivalent of 
said temperature deviation. 



29. (Cancelled) 

29.A circu i t to contro l th e capac i tanc e of a variabl e capacitor w i th a st e ady, but 
pr o d o fin e d non l in e ar r ela t i on to the tuning voltage, through a st e ady tun i ng 
voltag e and to ach ie v e a h i gh Q - factor at th e sam e t i m e ; comprisinga s e t of 
indiv i dua l sma ll capacitors; 

a s e t of sw i tching d e vic e s a ll ow i ng a st e ady ramp - up/ramp down phas e 
b e tw ee n th e po i nts of b e ing fu ll y switch e d on and fu l ly sw i tch e d off, and wh e re 
said switch i ng d e vic e s ar e conn e ct e d in s e r ie s with sa i dcapacitors of said set of 
capac i tors, to conn e ct a multipl e of said capac i tors in p a r allel ; 

a s e t of circu i t to control th e switch i ng op e ration i n a ramp up/ramp down 
m a nn e r b e tw e en th e points of b e ing fu ll y switch e d on a nd fully sw i tch e d off, 
prov i ded to e ach of said s e t of sw i tching d e vic e s; 

a set of trans li n e ar a mp lifier stage s to produc e th e ramp up/ramp down 
s i gna l for e ach of sa i d set of sw i tch i ng d e vic e s, and imp le m e nted w i th i n said s e t of 
c i rcu i ts to control th e switching op er at i on; 

a c i rcuit to i ndiv i dual l y provid e th e thr e shold points for e ach indiv i dual 
capac i tor switching stag e ; 

a c i rcu i t to provid e a sign al , d e p e nd e nt on the tuning vo l tag e , d e d i cat e d for 
th e vo l tag e contro ll ed c a pac i tanc e change, to a l l of said translin e ar amplif ie r 
stag e s and; 
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a c i rcuit to prov i d e a non l in e ar r e lation betw ee n said tuning voltage and 
caid threshold points. 

30. (Currently amended) The circuit of claim 291 wherein said circuit to 
individually provide said threshold points for each i nd i vidua l of said capacitor 
switching stagey generates a set of reference values, one value for each 
capacitor switching stage , in a non-linear relation between said tuning voltage and 
said threshold points . 

31. (Currently amended) The circuit of claim 2930 wherein said a circuit to 
individually provide the threshold points, for each circuit to control the switching 
operation, in a non-linear relation between said tuning voltage and said threshold 
points,, is provided by specifically selecting the steps of a_set of reference values in 
a way, to achieve said desired non-linear relation. 

32. (Currently amended) The circuit of claim 3031 wherein said circuit to 
generate a- said set of reference values, one for each of said tr a nslin e ar amp l if i er 
staae s circuit to control the switching operation , is implemented as a chain of 
resistors. 

33. (Currently amended) A method to control the capacitance of a variable 
capacitor in a strictly linear mode through a tuning voltage and to achieve a high 
Q-factor at the same time; comprising: 
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providing a set of individual small capacitors, a set of capacitor switching 
stages, comprising: a set^switching devices allowing a steady ramp-up/ramp- 
down phase between the points of being fully switched on and fully switched off, 
and where said switching devices afeis connected in series with one of said 
capacitors of said s e t of capac i tors , to connect a multiple of said capacitors in 
parallel, a s e t of circuits to control the switching operation in a ramp-up/ramp- 
down manner between the points of being fully switched on and fully switched off, 
provided to e ach of said set-ef-switching devices, a s e t of translinear amplifier 
stag e s to produce said control signal for said ramp-up/ramp-down switching, 
operation, and a circuit to individually provide the threshold points for each 
individual of said capacitor switching stages, a circuit to provide a signal, 
dependent on the tuning voltage, dedicated for the voltage controlled capacitance 
change, to all of said translin e ar amp l if i e r capacitor switching stages; 

providing said threshold points for each individual capacitor switching stage; 

supplying said signal, dependent on the tuning voltage, dedicated for the 
voltage controlled capacitance change, to all of said capacitor switching stages; 

amplifying, by means of a translinear amplifier, the difference of said tuning 
voltage and said threshold points within each capacitor switching stage to produce 
the linear control signal for a ramp-up/ramp-down switching operation; 

fully switching on one of said switching devices in order to completely switch 
one of said small capacitors in parallel to the already switched on capacitors, one 
after the othe r to linearly increase the total capacitance ; 



24 



DS03-005B Application No. 10/764,914 

fully switching off one of said switching devices in order to completely 
disconnect one of said small capacitors from the other switched on capacitors, one 
after the other , to linearly decrease the total capacitance ; and 

ramping up or ramping down the switching operation of one of said 
switching devices to partially switch, with increasing/decreasing share, one of said 
small capacitors in parallel to the already switched on capacitors, one after the 
others 

amp li fy i ng, by m e ans of a trans li n e ar ampl i f ie r, th e diff e r e nc e of the 
capacitance tuning voltag e and th e thr e sho l d points of e ach amp l ifi e r st a g e to 
produc e th e l in ea r contro l s i gnal for sa i d ramp up/ramp - down sw i tch i ng op e rat i on; 

provid i ng said thr e shold points for e ach indiv i dual c a pac i tor sw i tch i ng stage; 

and 

CI! IVi 

supply i ng a s i gna l , dep e nd e nt on th e tun i ng vo l tage, dedicat e d for th e 
vo l tag e contro lle d capac i t a nce ch a ng e , to a l l of said transl i n ea r amp li fi e r st a g e s. 

34. (Previously amended) The method of claim 33 wherein linearly controlling 
the switching operation applies to a FET transistor as the switching device with 
steady transition phase. 

35. (Previously amended) The method of claim 34 wherein linearly controlling 
the switching operation applies to a P-MOS or N-MOS junction FET as said 
switching device with steady transition phase. 
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36. (Previously amended) The method of claim 34 wherein linearly controlling 
the switching operation applies to a P-channel or N-channel CMOS FET as said 
switching device with steady transition phase. 



37. (Original) The method of claim 33 wherein individually providing said 
threshold points for each individual capacitor switching stage generates a set of 
reference values, one value for each capacitor switching stage. 

38. (Currently amended) The method of claim 37 wherein generating a set of 
reference values, one for each of said trans l in ea r amp li f ie r capacitor switching 
stages, is performed by a chain of resistors. 

39. (Original) The method of claim 33 wherein continually switching on one of 
said small capacitors in parallel to the already switched on capacitors applies to 
discrete capacitor components. 

40. (Previously amended) The method of claim 33 wherein continually switching 
on one of said small capacitors in parallel to the already switched on capacitors 
applies to capacitors manufactured on a planar carrier, separate from the circuit 
carrier. 
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41 . (Original) The method of claim 33 wherein continually switching on one of 
said small capacitors in parallel to the already switched on capacitors applies to 
capacitors integrated on a semiconductor substrate. 



42. (Currently amended) The method of claim 33 wherein supplying a tuning 
voltage, dedicated for the voltage controlled capacitance change, to all of said 
trans l in e ar amplif ie r capacitor switching stages uses a single signal connected to 
all amplifier inputs. 

43. (Currently amended) A method to control the capacitance of a variable 
capacitor in a strictly linear mode through a tuning voltage and to achieve a high 
Q-factor at the same time by sharply cutting off the control signal, when said 
switching device is outside its steady transition area; comprising: 

providing a set of individual small capacitors, a set of capacitor switching 
stages, comprising: a set-ef-switching devices allowing a steady ramp-up/ramp- 
down phase between the points of being fully switched on and fully switched off, 
and where said switching devices afeis connected in series with one of said 
capacitors in parallel, one for e ach of sa i d sma l l capac i tors , a set of circuits to 
control the switching operation in a ramp-up/ramp-down manner between the 
points of being fully switched on and fully switched off , provided to e ach of said 
switching devices, a circuit to overdrive said switching device to a fully-on status, 
when said switching device is outside its steady transition area on the lower 
resistance side, a circuit to overdrive said switching device to a fully-off status, 
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when said switching device is beyond its steady transition area on the higher 
resistance side, a set-ef-translinear amplifier st a g es to produc e sa i d contro l signa l 
for said sw i tch i ng funct i ons , and a circuit to individually provide the threshold 
points for each ind i vidua l of said capacitor switching stages, a circuit to provide a 
signal, dependent on the tuning voltage, dedicated for the voltage controlled 
capacitance change, to all of said trans li near amp l if ie r capacitor switching stages; 

providing said threshold points for each individual capacitor switching stage; 

supplying said signal, dependent on the tuning voltage, dedicated for the 
voltage controlled capacitance change, to all of said capacitor switching stages; 

amplifying, with a translinear amplifier, the difference of said tuning voltage 
and said threshold points of each amplifier stage, to produce the linear control 
signal for a ramp-up/ramp-down switching operation; 

steadily ramp-up/ramp-down switching on or off one-of-said switching 
devices in order to partially switch, with increasing/decreasing share, on e of said 
small capacitors in parallel to the already switched on capacitors, one after the 
other , to linearly increase or decrease the total capacitance ; 

linearly controlling the switching function for each of said cont i nuous 
switching device s with steady ramp-up/ramp-down phase , when said switching 
device is in its steady transition area; 

driving said switching device to a fully on status, when said switching device 
is outside its steady transition area on the lower resistance side; and 

driving said switching device to a fully off status, when said switching device 
is beyond its steady transition area on the higher resistance side^ 
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amplify i ng, by a translin e ar amp li f ie r, the d i ff e r e nc e of th e cap a c i tanc e 
tuning voltag e and the thresho l d points of e ach amplif ie r stag e to produc e th e 
li n e ar contro l s i gna l for sa i d cont i nu a lly switch i ng op e r a t i on; 

prov i d i ng said thresho l d points for ea ch ind i v i dua l capac i tor sw i tching st a g e ; 

anri 
cn iv4 

supp l y i ng a s i gna l , d e p e ndent on th e tuning vo l t a g e , d e d i cat e d for th e 
voltag e contro lle d capacitance chang e , to all of sa i d transl i n e ar amp li fi e r stag e s. 

44. (Previously amended) The method of claim 43 wherein driving said 
switching device to a fully-on status, when said switching device is outside its 
desired steady transition area on the lower resistance side uses additional circuit 
elements, working as a signal-limiting function. 

45. (Previously amended) The method of claim 43 wherein driving said 
switching device to a fully-off status, when said switching device is outside its 
steady transition area on the higher resistance side uses additional circuit 
elements, working as a signal-limiting function. 

46. (Previously amended) The method of claim 44 wherein said signal-limiting 
operation to drive said switching device to a fully-on status, when said switching 
device is outside its steady transition area on the lower resistance is implemented 
within the translinear amplifier. 
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47. (Currently amended) A method to control the capacitance of a variable 
capacitor in a strictly linear mode through a tuning voltage and to achieve a high 
Q-factor at the same time and to compensate the temperature deviation of the 
capacitor switching device; comprising: 

providing a set of individual small capacitors, a set of capacitor switching 
stages, comprising: a set-ef-switching devices with steady transition phase to 
continually switch on said capacitors in parallel, a se^of-translinear amplifier 
stages to produce said linear controls for said switching functions, a circuit to 
linearly control th e sw i tch i ng function for e ach of sa i d sw i tching devices w i th 
st e ady transition phas e , a circuit to compensate the temperature deviation of said 
switching device, and a circuit to individually provide the threshold points for each 
individual capacitor switching stage, a circuit to provide a signal, dependent on the 
tuning voltage, dedicated for the voltage controlled capacitance change, to all of 
said tr a nsl i n e ar amp li fi e r capacitor switching stages; 

providing said threshold points for each individual capacitor switching stage; 

supplying said signal, dependent on the tuning voltage, dedicated for the 
voltage controlled capacitance change, to all of said capacitor switching stages; 

amplifying, with a translinear amplifier, the difference of said tuning voltage 
and said threshold points within each capacitor switching stage, to produce the 
linear control signal for a ramp-up/ramp-down switching operation; 

continually switching on one of said switching devices with steady transition 
phase in order to switch one of said small capacitors in parallel to the already 
switched on capacitors, one after the other; 
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linearly controlling the switching function for each of said switching devices 
with steady transition phase; and 

compensating the temperature deviation of said switching^ 

amp li fy i ng, by a trans li n e ar a mp li f ie r, th e d i ff e r e nc e of th e capacitanc e 
tun i ng vo l tag e and th e thr e sho l d points of e ach amp li f ie r st a g e to produc e th e 
lin e ar control signa l for said cont i nu a lly sw i tching op e r a tion; 

provid i ng sa i d thr e sho l d po i nts for each i ndividua l capac i tor sw i tch i ng stage; 

qnH 
CM 1X3 

supply i ng a signa l , d e p e nd e nt on th e tun i ng voltag e , ded i c a t e d for th e 
vo l tage contro lle d capac i t a nce change, to a l l of sa i d transl i near amp l if i er stages. 

48. (Original) The method of claim 47 wherein compensating the temperature 
deviation of said switching device is provided by feeding a modified reference 
voltage to said translinear amplifier's output reference point, to mirror a 
temperature correcting signal into the control signal of said switching device. 

49. (Original) The method of claim 48 compensating the temperature deviation of 
said switching device, uses a device of the same type as said switching device 
itself, to produce an exact equivalent of said temperature deviation. 

50. (Cancelled) 
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50.A m e thod to contro l th e capac i tanc e of a variab le capac i tor i n a st e ady, but w i th 
pr e d e fin e d non -li n ea r r el at i on to th e tun i ng vo l tag e , through a tun i ng voltage and to 
achi e v e a h i gh Q factor at th e sam e time; compr i sing: 

prov i ding a set of i nd i v i dual sma ll capac i tors, a s e t of sw i tch i ng d e vices 
with st e ady transit i on phas e to cont i nua ll y switch on sa i d capac i tors i n para l l el , a 
c i rcu i t to l i n e ar l y control th e sw i tch i ng funct i on for e ach of said sw i tch i ng d e v i c e s 
with st e ady transit i on phase, a set of transl i n e ar ampl i fi e r stag e s to produc e sa i d 
lin ea r controls for s ai d sw i tch i ng funct i ons, a c i rcu i t to i nd i v i dua l ly prov i d e th e 
thr e sho l d points for each indiv i dua l capac i tor sw i tch i ng stag e , a c i rcuit to prov i d e a 
s i gna l , d e p e nd e nt on th e tuning vo l tag e , dedicat e d for th e vo l tage control le d 
capacitanc e chang e , to al l of said trans l in e ar amp l if ie r stag e s; 

continu a l l y switch i ng on on e of s ai d switch i ng d e v i c e s w i th st e ady trans i t i on 
phas e in order to sw i tch one of said sma ll capacitors in para l l e l to th e alr e ady 
sw i tch e d on capacitors, on e a fter th e oth e r; 

li n ea r l y controll i ng th e sw i tch i ng function for e ach of s ai d sw i tch i ng dev i ces 
w i th st ea dy tr a nsition phase; 

a mp l ify i ng, by a translinear amp l if ie r, the d i ff e r e nc e of the cap a c i tanc e 
tun i ng voltage and th e thr e shold po i nts of e ach amp l if i er stage to produc e th e 
linear contro l signa l for sa i d continua l ly switch i ng op e ration; 

providing said thr e sho l d po i nts for e ach ind i v i dua l capacitor sw i tching stage, 
producing non li n e ar i nstead of lin e ar st e ps; 
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supp l y i ng a signa l , d e pend e nt on the tun i ng voltage, d e dicat e d for th o 
voltag e control l ed capac i t a nc e chang e , to a ll of sa i d trans li n e ar amplif ie r stages; 

and. 

CITTVi 

prov i ding a non li n e ar re la t i on b e tw ee n said tun i ng vo l t a g e and s a id 
thr e shold points. 

51. (Currently amended) The method of claim 5033 wherein individually 
providing said threshold points for each individual capacitor switching stage 
generates a set of reference values, one value for each capacitor switching stager 
in a non-linear relation between said tuning voltage and said threshold points 

52. (Currently amended) The method of claim §051 wherein providing a non- 
linear relation between said tuning voltage and said threshold points is provided by 
specifically selecting the steps of said set of reference values in a way, to achieve 
said desired non-linear relation. 
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